The relationship between incident congestive heart failure (CHF) and ethnicity as well as racial/ ethnic differences in the mechanisms leading to CHF have not been demonstrated in a multiracial, populationbased study. Our objective was to evaluate the relationship between race/ethnicity and incident CHF.
C
ONGESTIVE HEART FAILure (CHF) is one of the leading causes of mortality and morbidity in the United States, [1] [2] [3] [4] [5] [6] [7] and its prevalence continues to rise, 6 despite the decline in overall cardiovascular disease morbidity and mortality. 5 Previous work reporting racial/ethnic disparities in the prevalence of CHF has raised concerns that the incidence of CHF might vary among different racial/ethnic groups. These studies suggest that the relative importance of different genetic and environmental risk factors for CHF as well as the mechanisms or pathways of circulatory impairment leading to symptomatic CHF vary among different racial/ethnic groups. 8, 9 Given the high incidence of heart failure over the human lifetime 10, 11 and its increasing prevalence and social burden in this country, [1] [2] [3] [4] [5] [6] [7] the importance of ascertaining race-or ethnicityrelated differences in incident CHF cannot be overestimated.
Although ethnicity has been suggested as an independent risk factor for CHF, 8, 9 the direct effect of ethnicity on incident CHF has not been demonstrated in a population-based study. Most of the data regarding the incidence of CHF are derived from white populations, and, therefore, it is important to determine the incidence of CHF among other ethnic groups and examine whether the trends in incidence of CHF follow similar patterns to those among whites. Previous studies have shown higher mortality and hospitalization rates due to CHF among African American compared with white populations 12, 13 but did not elucidate the factors that induce the onset of CHF in a multiethnic population. Discrepancies in the prevalence and consequences of CHF between African Americans and whites have been attributed to racial/ethnic differences in the prevalence of coexisting conditions such as hypertension and diabetes mellitus, the quality and availability of Author Affiliations are listed at the end of this article. medical care, and disparities in socioeconomic factors. [14] [15] [16] [17] Although crucial as guideposts to the elucidation of factors that determine racial/ethnic differences in incident CHF, these data do not substitute for quantitative knowledge on the relative contribution of etiological factors that underlie such differences. Moreover, the main determinants and pathways of ethnic-related differences in the incidence of CHF as well as racial/ethnic differences in the interrelationship of incident CHF with more proximal risk factors, such as alterations of left ventricular (LV) structure and function, subclinical coronary artery disease (CAD), and incident myocardial infarction (MI) remain unclear.
In this study, differences in the incidence of CHF were evaluated in the 4 racial/ethnic groups included in the Multi-Ethnic Study of Atherosclerosis (MESA). 7, [18] [19] [20] [21] [22] [23] Moreover, we investigated whether established and novel potential risk factors for CHF, as well as LV dysfunction, coronary artery calcification, and the development of an interim clinical MI, can explain racial/ethnic differences in incident as opposed to prevalent CHF. Finally, we examined whether race/ethnicity modifies the associations of subclinical pathological processes such as myocardial hypertrophy, ventricular dysfunction, and subclinical CAD with incident CHF.
METHODS

STUDY POPULATION
The MESA is an ongoing multicenter cohort study of 6 US communities in Maryland, Illinois, North Carolina, California, New York, and Minnesota. Between July 2000 and August 2002, 6814 participants (3601 women; age range, 45-84 years) were recruited for the study. Participants defined themselves as white (38.5%), African American (27.8%), Hispanic (21.9%), or Chinese American (11.8%). The design of the MESA has been previously described in detail. 24 More important, the presence or history of any clinical cardiovascular disease at baseline was among the exclusion criteria. The study was approved by the institutional review boards of all participating centers.
BASELINE EXAMINATION
Information regarding smoking history and medication use for high blood pressure, high cholesterol, or diabetes mellitus was obtained using standardized questionnaires. Obesity was defined as a body mass index (calculated as weight in kilograms divided by height in meters squared) of 30 or more and diabetes mellitus as a fasting glucose level of 126 mg/dL or more (to convert to millimoles per liter, multiply by 0.0555) and/or use of hypoglycemic medication. 25 Hypertension was defined as systolic blood pressure of 140 mm Hg or higher and/or diastolic blood pressure of 90 mm Hg or higher and/or use of any antihypertensive medication. Participant education was categorized as less than high school; completed high school; some college without degree, technical school certificate, or associate's degree; bachelor's degree; and graduate or professional school training. Categories of annual household income were less than $25 000; $25 000 to $49 999; $50 000 to $75 000; and more than $75 000. Intake of trans-fatty acids was estimated using standardized food frequency questionnaires.
Left ventricular mass and LV ejection fraction (LVEF) were determined by magnetic resonance imaging (MRI) at baseline among 5004 MESA participants who agreed to undergo MRI using the previously reported protocol. 26 The LV mass was normalized for body surface area. In addition, LV hypertrophy by electrocardiography (ECG) was determined using Novacode criteria 27 among all 6814 participants. Moreover, phantomadjusted Agatston calcium scores were calculated from brightness-adjusted electron-beam computed tomography images and presence of coronary artery calcification (defined as an Agatston score of Ͼ0) was used as a measure of subclinical CAD.
FOLLOW-UP AND OUTCOME VARIABLE
Median follow-up time was 4.0 years (interquartile range, 3.1-4.2 years), which resulted in 25 107 person-years of observation. A telephone interviewer contacted each participant every 6 to 9 months to inquire about all interim hospital admissions, cardiovascular outpatient diagnoses, and deaths. Two physicians reviewed each record for independent endpoint classification and assignment of event dates.
The endpoint for this study was symptomatic CHF. End point criteria were (a) CHF diagnosed by a physician and patient receiving medical treatment for CHF; (b) pulmonary edema / congestion seen on a chest radiograph; and (c) dilated ventricle or poor LV systolic function by echocardiography or ventriculography, or evidence of LV diastolic dysfunction by echocardiography. Participants who met only criterion a were considered to meet a "soft" criterion, and participants who met criteria b and c in addition to a physician diagnosis were classified as meeting "hard" criteria for CHF. For this analysis, participants who met either soft or hard criteria were considered as having incident CHF. An MI was diagnosed based on standard criteria consisting of combinations of symptoms, ECG findings, and cardiac biomarker levels.
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STATISTICAL METHODS
Data are presented as mean(SD) for normally distributed continuous variables, median (interquartile range) for continuous variables with skewed distributions, and number (percentage) for categorical variables. Analysis of variance, t test, Fisher exact test, and 2 test were used to compare the baseline distributions of variables among the 4 racial/ethnic groups.
Cox proportional hazards models were used to analyze the association of race/ethnicity with incident CHF. Four sets of models were used: Model 1: unadjusted analysis; Model 2: adjusted for established risk factors of CHF, which included age, sex, hypertension, diabetes mellitus, LV hypertrophy by ECG, obesity, serum total cholesterol level, and current cigarette smoking; Model 3: adjusted for the established risk factors entered in Model 2 plus interim MI as a time-varying covariate; and Model 4: Model 3 plus baseline LVEF.
Results of Cox proportional hazards models are reported as hazard ratios (HRs) and 95% confidence intervals (CIs). All HRs were calculated and reported for 1 SD increase in continuous variables or transfer from one level to another of categorical variables, unless stated otherwise. Proportionality of hazards was checked by visually examining "log-log" plots. We also examined whether the associations of MRI parameters of LV structure and function with CHF are modified by race/ethnicity or sex by adding interaction terms to Model 2. Furthermore, to evaluate how much of the association of race/ethnicity with incident CHF was related to established risk factors, we compared the regression coefficient for race/ethnicity before and after adjusting for these risk factors. Missing values were handled based on our a priori analysis plan, ie, only participants who had missing data on a variable needed for a particular model were excluded from the analysis. This method was used to maxi-mize the statistical power and in view of the negligible percentage of missing data. Cumulative hazards of CHF were illustrated in Nelson-Aalen plots and were compared using the log-rank test. Statistical analyses were performed using Stata statistical software, version 8.2 for Windows (StataCorp, College Station, Texas).
RESULTS
During a median follow-up of 4.0 years, 79 participants developed CHF (incidence rate, 3.1 per 1000 personyears). Baseline characteristics of the study participants are summarized in Table 1 . Twenty-six participants (33%) had an MI prior to CHF, and 63% had CHF with preserved LV function (LVEF Ն40%). Of participants with incident CHF, 18% were outpatient cases. The prevalence of obesity was significantly higher among African Americans and Hispanics and significantly lower among Chinese Americans compared with whites. White participants had a significantly lower prevalence of diabetes mellitus compared with other ethnic groups. Moreover, the prevalence of hypertension was significantly higher among African Americans than whites, whereas differences between whites and Chinese Americans or Hispanics were not statistically significant. With regard to subclinical disease markers, whites had the greatest prevalence of coronary calcification, followed by African Americans, Hispanics, and Chinese Americans. Conversely, African Americans and Hispanics had higher prevalences of LV hypertrophy compared with whites, whereas prevalence among Chinese Americans was lower. e Presence of coronary artery calcification was defined as a phantom-adjusted Agatston calcium score of more than 0.
ETHNICITY AND RISK FACTORS FOR INCIDENT CHF
African American participants had the highest incidence rate of CHF, followed by Hispanic, white, and Chinese American participants (incidence rates: 4.6, 3.5, 2.4, and 1.0 in 1000 person-years, respectively). There was a significant difference in the cumulative hazard of CHF among the 4 racial/ethnic groups (log-rank test, P =.01) (Figure 1) . In the univariable analysis, African Americans were at a higher risk for developing CHF compared with whites (HR, 1.81; 95% CI, 1.07-3.07; P=.03), but there were no significant differences in the risk for CHF among the other ethnic groups vs whites ( Table 2 ). The addition of hypertension and/or diabetes mellitus to the univariable or multivariable models including ethnicity resulted in a considerable reduction in the relative risk (ie, HR) of CHF in African Americans vs whites, and that association became no longer statistically significant. However, adjusting for age, sex, obesity, cigarette smoking status, hypercholesterolemia, and educational level did not result in any significant changes in the magnitude of the association between race/ ethnicity and incident CHF and its statistical significance ( Table 3) .
We also evaluated the effects of socioeconomic and behavioral factors, as well as the influences of access to health care and medication use on racial/ethnic disparities in incident CHF. Adding household income, total daily calorie intake, total daily intake of trans-fatty acid, use of angiotensin-converting enzyme inhibitors, and use of calcium channel blockers to the analytic models yielded very similar results to the effects of adding hypertension or diabetes mellitus. However, adjustment for health insurance status, enrollment in Medicare and/or Medicaid, and physical activity yielded only negligible changes to racial/ethnic disparities in the incidence of CHF (Table 2) .
Finally, in multivariable analysis, ethnicity modified the association of LV mass with incident CHF (HR for a 16- Therefore, for any given increase in the LV mass index, a greater increase in CHF risk was seen among whites and Hispanics than among Chinese Americans or African Americans. Conversely, whereas baseline LVEF was only significantly greater among Chinese Americans, there were no interactions among race/ethnicity, incident CHF, and LVEF.
INTERIM MI AND INCIDENT CHF
The incidence rates of MI were not statistically different among men or women from the 4 ethnic groups (Table 1) . Moreover, different rates of interim MI among the 4 ethnic groups did not explain racial/ethnic differences in incident CHF rates. The incidence rates of CHF among participants who experienced an MI during follow-up were: 193, 149, 124, and 88 per 1000 person-years among African American, Hispanic, Chinese American, and white participants, respectively.
More important, however, among MESA participants who did not suffer an interim MI, African American participants had the highest incidence of CHF, followed by Hispanic, white, and Chinese American participants (incidence rates: 3.5, 2.1, 1.5, and 0 per 1000 personyears, respectively) (Figure 2) . Indeed, 75.0% of incident CHF cases among African Americans, 60.0% among whites, and 58.0% among Hispanics were not preceded by an interim clinical MI (P=.06). In addition, adding interim MI to the models increased the HR of CHF among African Americans vs whites. For example, adding interim MI to Model 1 (univariable analysis) increased the HR associated with the African American vs white comparison from 1.81 (P = .03) to 2.34 (P Ͻ.01). Similarly, when interim MI was added to Model 2, this HR increased from 1.42 (P=.22) to 2.0 (P=.02) (Table 3) .
Finally, while the association of coronary artery calcification with incident CHF was not modified by race/ ethnicity, the substitution of clinical MI by coronary artery calcification as a measure of subclinical CAD yielded similar results. For example, adding coronary artery calcification to Model 1 increased the HR associated with African American vs white participants comparison from 1.81 (P =.03) to 2.07 (P Ͻ.01) ( Table 3) . COMMENT This is the first population-based study to report ethnicityrelated differences in the incidence of CHF among 4 major racial/ethnic groups in the United States. The incidence of CHF in our study was 3.1 per 1000 personyears, which is consistent with the estimated annual incidence of 1 to 5 in 1000 in the general population. 3, 4, 10 Our results indicate that the incidence of CHF is greatest among African Americans, intermediate among whites and Hispanics, and lowest among Chinese Americans. We also demonstrate that these differences are in large part determined by higher prevalences of hypertension and diabetes mellitus among African Americans. Moreover, lower socioeconomic status and higher dietary caloric intake were also important factors in explaining racial/ ethnic differences in the incidence of CHF. These find- ings suggest that the important determinants of this condition in the US are mainly environmental in nature. Finally, our study indicates that more than half of the cases of incident CHF among Americans without a history of cardiovascular diseases are not preceded by MI, and adjustment for interim infarction accentuates ethnic differences in the incidence of CHF between African Americans and whites. As our knowledge of racial/ethnic disparities in cardiovascular diseases augments, there is growing interest in the causes of such disparities and whether they can be diminished by appropriate reduction of contributing factors. Racial/ethnic disparities in the incidence of other medical problems have been attributed to genetic and biological differences, 28, 29 the effects of various social and environmental factors across the lifespan, 30, 31 or both. 32 In the case of incident CHF, our results indicate that raceand ethnicity-related differences in the prevalences of hypertension and diabetes mellitus represent the main determinants of the greater incidence of CHF among African Americans. These differences are likely related to socioeconomic and behavioral characteristics, including disparities in access to and quality of health care, as documented by previous CHF morbidity and mortality studies 12 as well as our own analyses. However, possible racial/ ethnic differences in susceptibility to CHF owing to underlying genetic and biological factors cannot be completely excluded. 33, 34 There are a number of potential mechanisms to explain how racial differences in established risk factors such as hypertension and diabetes mellitus may determine differences in incident CHF. While biological differences in the incidence of hypertension and diabetes mellitus themselves may play a role, less optimal treatment and control of these risk factors (due to less access to health care) or poor compliance with medical treatment targeting these risk factors 35, 36 likely represent the main contributors. Although our study does not provide a direct and definitive answer to these questions, combining our findings with those of previous studies might be helpful in identifying the most likely determinants of CHF. In our study, lower household income and higher daily caloric intake were significant predictors, even when predisposing conditions such as diabetes mellitus, hypertension, and obesity were taken into account. The lack of health insurance was not a significant contributor to the ethnic disparities of incident CHF, and differences in medication use were attributable to differences in the prevalences of diabetes mellitus and hypertension. Although our study does not support a direct role of access and quality of health care in disparities in incident CHF, it is important to mention that previous studies on the prevalence and consequences of CHF have raised the issue of ethnic disparities in quality of care received for CHF. [37] [38] [39] Of note, this notion has also been challenged more recently. [40] [41] [42] Our study also demonstrates racial/ethnic differences in the relationships of incident CHF with more proximal predictors of CHF, ie, interim MI, subclinical CAD, and LV hypertrophy. African American participants had the highest incidence of CHF without prior MI, followed by Hispanic, white, and Chinese American participants. Moreover, adjustment for interim MI and subclinical CAD resulted in greater differences between African Americans and whites in incident CHF risk. These differences may also be at least partially owing to discrepancies in the prevalence and control of hypertension and diabetes mellitus among racial/ethnic groups. In our study, there were significant differences between African Americans and whites not only in the prevalence of hypertension and diabetes mellitus but also in the prevalence and magnitude of LV hypertrophy measured at baseline by both ECG and the gold standard method of MRI (Table 1 ). In addition, whereas baseline LVEF was significantly greater only among Chinese Americans, racial/ethnic differences in baseline myocardial contractile function measured by MRI tagging have been recently reported among MESA participants. 43 Previous studies have also demonstrated that risk factors such as hypertension, 44 cigarette smoking, diabetes mellitus, 45 and subclinical atherosclerosis, 46 among others, 47, 48 are associated with myocardial dysfunction at study entry, defining what is known from basic studies 34 as the typical protoplasm for CHF development. 49 In this study, we demonstrate that the relationship between baseline LV mass and incident CHF varies by ethnicity. Moreover, although the incidence of MI was not statistically different among the 4 racial/ethnic groups, after developing an MI, African Americans were more likely to progress to CHF than whites. This observation supports previous research indicating that racial/ethnic differences play an important role in the progression from asymptomatic LV dysfunction to CHF. In the Studies of Left Ventricular Dysfunction (SOLVD), African Americans with mild to moderate LV systolic dysfunction were at higher risk for progression to CHF than whites.
14 Our findings are also consistent with the results of the Vasodilator-Heart Failure Trials (V-HeFT) I and II. 50 Indeed, previous studies have gone as far as suggesting different treatment strategies for CHF among different ethnic groups. 51 In this regard, the accelerated disease progression to CHF from a proximal precursor such as MI among African Americans likely reflects differences in postinfarct remodeling induced by hypertension, diabetes mellitus, and other coexisting subclinical processes that are more prevalent among those who are poorer and have less access to quality medical care. Taken in combination, our findings suggest that incident CHF could be substantially reduced by aggressive control of hypertension and diabetes mellitus particularly among the poor, over and above efforts to reduce the incidence of MI and halt progression to CHF after infarction. Such efforts directed at primary prevention of incident CHF outside the clinical MI pathway should be particularly important to populations of different racial/ethnic backgrounds in the face of declining rates of coronary occlusion events. The efficacy of enhanced control of diabetes mellitus and hypertension in reducing racial/ethnic disparities in incident CHF requires further investigation.
This prospective large population-based study was performed in an ethnically diverse, asymptomatic population. The longitudinal design allowed us to measure the incidence of CHF rather than CHF prevalence, morbidity, or mortality. Nonetheless, there are limitations to this study that deserve discussion. Except for incident CHF and incident MI, all other variables were measured at baseline. Therefore, the study has limitations in making inferences regarding causal or temporal associations among baseline risk factors (eg, between household income and hypertension). Moreover, the median follow-up time was 4 years, and considering the low incidence of CHF, the results regarding relationships between incident MI and incident CHF should be interpreted cautiously. Conversely, the fact that differences between African American and white participants were significant during this relatively short follow-up period might also reflect the importance of these associations. Finally, while the diagnosis of CHF may be more challenging when compared with other cardiovascular events, we required that participants be symptomatic and have a physiciandiagnosed CHF. This definition likely limited the inclusion of false-positive cases.
CONCLUSIONS
African Americans are at a significantly higher risk for incident CHF compared with other ethnic groups. This increased relative risk is further heightened for incident CHF, which is not induced by clinical MI. Our results also indicate that higher rates of hypertension and diabetes mellitus associated with poverty and other environmental factors, such as high caloric intake, largely explain racial/ethnic differences in the risk of developing CHF. These data reinforce the need for optimal control of hypertension and diabetes mellitus in the United States, particularly among those of lower socioeconomic status and among African Americans, to effectively reduce the increasing social burden of CHF in this country.
